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Sweets from Artichokes 


UNIVERSITY OF ILLINOIS 


When one speaks of artichokes most 
people visualize the flower-like vegetable 
bud or head which has been observed at 
the grocery store or encountered at the 
banquet table, namely the globe arti- 
choke. However this discussion is con- 
cerned with the Jerusalem artichoke and 
it is perhaps natural that some confusion 
regarding the identity of the plant still 
persists. As has been frequently pointed 
out it is neither an artichoke nor is it ob- 
tained from Jerusalem. The terminolo- 
gy has its origin in a corruption of the 
real name girasole. 

The girasole and some of the com- 
pounds which may be derived from it 
have been the subject of numerous popu- 
lar and scientific articles during recent 
years and no attempt will be made to re- 
view these in detail. Shoemaker® has 
given an excellent botanical history of the 
plant and also information as to its cul- 
ture, composition and general usefulness. 
It will suffice here to say that the plant is 
a member of the sunflower family but has 
a number of different characteristics from 
the ordinary sunflower. The leaves are 
much smaller and the stalk branches 
freely so that it has a bushy appearance. 
Many flowers, resembling the field daisy 
in size and structure develop upon each 
stalk. The varieties which have been 
planted upon the university farm grow 
to an average height of about six feet. As 
a part of the root system the plant pro- 
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duces a large number of tubers and these 
except for a rather irregular shape are 
similar to potatoes. When the growing 
season is over the stalks are usually cut 
and removed and the tubers harvested in 
the same general manner as potatoes. The 
harvest may be made in the late fall or 
the crop may be left in the ground until 
early spring. Yields of five hundred 
bushels of tubers per acre have been ob- 
tained in the locality of Urbana and much 
greater yields are no doubt possible. The 
plant is very drouth resistant and very 
hardy. In fact some persons have con- 
tended that it is a noxious weed. Rele- 
vant to this point a number of the agron- 
omy department in commenting upon the 
treatment of two adjacent fields one of 
which had borne artichokes in the pre- 
vious year, the other being under produc- 
tion at the time, aptly said: “One experi- 
ment is to see how to make them grow 
and the other is to see how to make them 
stop growing.” Apparently the latter 
problem has given no serious trouble. 


The major constituent of the solid 
matter of the tuber is either a poly- 
saccharide known as inulin or some com- 
pounds serve as carbohydrate storage 
forms for the plant. Hence they are 
analogous to the starches and dextrins 
found in many other crop materials. Just 
as starch upon complete hydrolysis is 
broken down into its cimple building unit, 

(Continued on page 6) 
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If the number who paid their dues 
to the Association this year—and espec- 
ially the number paying for two years— 
is any criterion for judging the service 
of the Illinois Association of Chemistry 
Teachers, then one must conclude that 
the Association is becoming increasingly 
valuable and is so recognized by the 
chemistry teachers of the State. 


THE MEETING AT CICERO 


The meeting at Cicero should prove 
attractive to chemistry teachers in sey- 
eral ways. The excellent field trip 
arranged by Loren T. Lucas of Cicero 
High School and the program arranged 
by Professor Howard Adams of Normal 
University are alone sufficient induce. 
ment to attend. However the teachers 
of the central and southern part of the 
State will want to get acquainted with 
those of the northern section. This 
getting together and talking over ideas 
and problems in an informal way is often 
of very great value. As a means o! 


furthering such incidental values we 
hope that this meeting will be like those 
in the past in one way, i. e., that it will 
be characterized by good-fellowship and 
freedom from the stiff, formal atmos- 
phere which often is so evident in teach- 
er’s groups and which has the certain 
effect of stifling the professional growth 
that comes through contact with live 
teachers. 


A MOVE IN RIGHT DIRECTION 


The recognition by the University of 
Illinois of work well done in high school 
chemistry and the giving of university 
credit for it when it is the same as that 
offered in college is very commendable. 
It will certainly tend to prevent the bril- 
liant student from developing lazy habits 
by repeating work he has already done. 
However it is to be hoped that high 
school teachers will not now convert 
their courses into the college type so as 
to permit the small percent of students 
who do enter college chemistry to gain 
exemption from the first year course. 
That would indeed be a misfortune. We 
do not believe such to be the wish of the 
authorities at the University if we may 
judge by the article by Professor Hop- 
kins. Rather, the student expecting to 
take college chemistry may be given 
supplementary work that will care for his 
individual needs while the average stu- 
dent not so inclined may enjoy to the full 
the science as it fits into his life—present 
and future. 
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Chemical Industry to the Teacher 


BY HOWARD W. ADAMS 


ILLINOIS STATE NORMAL UNIVERSITY 


Within the life span of probably 
every reader of these lines there has 
arisen in our country a new industry 
which is concerned, primarily, not with 
those machine transformations of mater- 
ials known as fabrications such as the 
sawing and dressing of lumber, the 
building of railroads and machinery, op- 
erations which reached a high state of 
perfection twenty-five years ago, but 
rather an industry concerned with those 
changes of matter involving, fundamen- 
tally, chemical reactions. It is known 
as the chemical industry. It is con- 
cerned with those transformations which 
produce necessary substances from most 
unexpected sources such as medicinals 
and photographic chemicals from coal, 
alcohol from limestone and carbon and 
delicate textiles from wood. The mak- 
ing of such materials from a great vari- 
ety of basic and common substances 
promises today to figure large in the fu- 
ture development of our land. 


There can be no planned economy 
which ignores this lusty infant industry. 
The development of hydroelectric power 
in the Tennessee Valley Authority proj- 
ect is not only to produce current for 
light and power but also for chemical 
transformations on raw materials found 
in the region into highly desirable prod- 
ucts. Corn, cotton, and fruit growers 
are looking to the industry to absorb not 
enly their surpius but perhaps their 
major output, thus making the farm the 
producer of raw materials for chemical 
industry as well as food and raiment for 
the immediate use of man. 


What influence should this rapid shift 
in the industrial picture have upon. the 
teaching of the science in which each one 
of us is interested? In the first place 
it should impress us with the worth- 
whileness of that which we teach. Sec- 
ondly, our science teaching should throb 
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with the life of the world about us. 
While our illustrations of the mighty 
processes may be puny and artificial, yet 
the fundamental truth in our teaching is 
identical with that of industry thus vital- 
izing the teaching. In the third place it 
should produce in our students an aware- 
ness of some of the conditions they will 
nieet when they begin to earn a livelihood. 
Some girls may find work in industries 
demanding industrial intelligence of 
them. Boys grow up to become opera- 
tives and foremen establishments 
where chemical insight is essential to 
holding the job, not to speak of advance- 
ment. A filling station attendant who 
has had elementary chemistry should be 
more valuable than one without such 
training. No boy or girl who expects 
tu earn a living should be denied some 
chemistry instruction, 


And finally, the teacher of the science 


should discover those gifted students 
who should be directed to the university 
to become the engineers and researchers 
of the coming industrial order. The 
teacher who discovers such talent and is 
able to give the initial encouragement 
and start is conferring upon the individ- 
ual and society a service no less valuable 
than that rendered by the learned univer- 
sity professor who is present at the fin- 
ish of formal training of the candidate. 

Elementary chemistry teachers may 
think that they work under the serious 
handicaps of heavy loads, cramped and 
unfavorable quarters and inadequate fa- 
cilities. And all this may be true in the 
case of some instructors, but if the group 
can see beyond these limitations to the 
future in which their students are living 
as honorable members of society and 
contributing their part because, of the 
impetus of the high school and college 
which trained them, then the labors of 
the teacher of today will seem more 
worth while. 
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Within the last few years vitamins 
have taken an important place in dietary 
studies. To the components that earlier 
were considered essential to liie,—namely, 
proteins, fats, carbohydrates, salts and 
water--there have been added a number 
of other factors known as vitamins, the 
absence of which in the daily diets leads 
to deficiency diseases that include beri- 
beri, scurvy, rickets, and several other 
metabolic diseases. Feeding  experi- 
ments in which synthetic diets were used 
have definitely shown that no animal can 
live upon a mixture of purified proteins, 
carbohydrates, fats and inorganic salts. 
Following these observations a quantity 
of literature developed describing experi- 
mental work on animals through which 
attempts were made to locate the sub- 
stances that must be present to supply 
the dietary needs of the animal organ- 
ism. This literature is too vast and 
most of the work is too complex for dis- 
cussion or repitition in high school class- 
es, but the facts are tremendously im- 
portant and it seems worth while that a 
few of the simpler types of experiments 
on vitamins be used as projects in 
science classes in order that even the boy 
or girl who may not go to college may 
have some understanding of these die- 
tary facts that are much concerned in 
health and disease. 


As an example of this type of simple 
experiment, I will outline a project that 
may be conducted by one, or several 
pupils who will care for animals, prepare 
food, make weighings and observations 
and determine certain values to health 
through feeding a diet containing vita- 
mins A and B. 


White rats are chosen for this work 
since they are easily cared for and they 
sow very definite reactions to vitamin 
deficiencies. These animals should be 
four or five weeks old and should weigh 
about fifty to seventy grams. 


On the first day of the experiment the 
basal diet is prepared. The following 
formula is suggested although there are 
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several other combinations that will 
serve equally well. 


150 gms 
330 gms 
20 gms. 


The salt mixture is that of McCollom. 
See “The Vitamins” by Funk. p. 113. 

In this experiment four types of diet 
are to be compared. 

Diet 1 is composed of the basal diet 
to which codliver oii is added, and 1-8 
yeast cake is fed to each rat daily. This 
contains both vitamins A and B and is a 
normal diet. 

. Diet 2 is composed of the basal diet 
with cod liver oil, but no yeast cake is 
given. This contains vitamin A but no 
vitamin B. 

Diet 3 is composed of the basal diet 
and 1-8 cake yeast is fed to each rat daily. 
This contains vitamin B and no vitamin 
A. 

Diet 4 is composed of the basal diet 
with no additions. This is deficient in 
both vitamins A and B. 


The respective diets are kept in label- 
ed containers and portions are placed in 
food cups in the cages as required, the 
portions of yeast, however, being placed 
on small dishes separate from the other 
diet in the cage. Food and water are 
kept in the cages constantly. 


Cages are provided with food-racks, 
cups for food and water, and cards for 
daily records. 

Tabulation sheets are prepared to 
show a summary of da‘ly records. 

The rats are numbered, weighed, and 
placed in the respective cages. Each day 
fresh food and water are supplied as 
designated on the record card. 


Observations are made daily as to the 
appearance of each animal, and weigh- 
ing should be done every third or fourth 
day. 

"The vitamins—B deficient rat will 
show lessening in growth within a week 
(Continued next page ) 
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and may become thin and emanciated 
within ten or fifteen days. Yeast is then 
added to the diet and the recovery noted 
as to general appearance and weight. 


The rat placed on vitamin-A deficient 
diet may not show the effect of this defi- 
ciency for a month. Then zoropthalmia 
will soon appear, the eyes becoming dry 
and swollen, and the animal losing 
weight. After a time the cod liver oil 
diet will be given and recovery noted. 


The control rat will give comparison 
values for weight and appearance, and 
will provide a normal growth curve for 
comparison with the growth curves of 
the rats on deficient diets. See graph 
and table. 


In records we find that in 1882 the 
Japanese army was severely afflicted 
with beriberi, a disease in which paraly- 
sis, gastro intestinal disturbance, and 
heart symptoms are in evidence. A com- 
plete change was made in the diet from 
rice to a diet which contained bread, 
fruit, and vegetables. Beriberi disappear- 
ed, and the average weight of the men in- 
creased markedly. 


Eijkman, in 1897, through the use of 
polished rice was able to produce in fowls 
a neuritic disease that resembled beriberi 
in main, and, furthermore, this disease 
could be cured by feeding the rice polish- 
ings. He thus established the fact that 
some factor essential to health was pres- 
ent in rice polishings. Rice bran was 
later fed to cases of human beriberi with 
good results. 

To rice polishings there since 
been added a long list of materials that 
contain vitamin B complex,—meat, milk, 
veast, grains, and vegetables of many 
kinds. 

Chemists found that vitamin B com- 
posed of two factors, B, and B,, one be- 
ing the antineuritic, and the other the 
growth vitamin. Heated unpolished rice 
still retains its growth promoting proper- 
tv, while its influence on beriberi is com- 
pletely destroyed. In the Chemical So- 
ciety Annual Reports for 1933 we note 
that the physiological activity of vitamin 
B, is being investigated at Oxford. 
Peters, in 1929, found that the brains of 
polvneuritic pigeons have a high lactic 
acid content, and the brains in these pig- 


eons have in vitro a subnormal oxygen 
uptake. By adding vitamin B, to the 
polyneuritic brain tissue in vitro, the oxy- 
gen uptake was increased. So far no 
other tissue is known to show this effect. 


Birds recovering from  polyneuritis, 
after treatment with vitamin B,, showed 
that there was improvement in the oxida- 
tive behavior towards the lactate in 
brains from such birds corresponding to 
the disappearance of the nervous symp- 
toms. It seemed, therefore, that vitamin 
B, was capable of repairing the same de- 
fect both in the living bird and in isolated 
brain. 


Vitamin A, in 1920, was shown to be 
related to the carotenoids, the red and 
yellow pigments found in carrots, toma- 
toes, and other vegetables. Karrar has 
shown the similarity in chemical struc- 
ture of kerotene and vitamin A, the ratio 
of the molecular weights being calculated 
as 1.27, since the molecular weight of 
carotene is 536, that of the vitamin is 
320*- 15. It is believed that the conver- 
sion to the vitamin is a splitting process, 
and perhaps an ovidation. Since the vi- 
tamin is found in the non-saponifiable 
fraction of natural fats—that is, with the 
sterols—it may be an alcohol. 


Physiology states that vitamin A is 
necessary in nutrition, Its lack results in 
dryness of eyes, xeropthalmia, and sus- 
ceptibility to infections. McClendon 
states that vitamin A is probably made 
from carotin in the body. Osborne and 
Mendel found that milk prevented or 
cured opthalinia in rats; McCullom nam- 
ed it vitamin A and separated it from vi- 
tamin G. Drummond precipitated im- 
purities and distilled vitamin A with 
superheated steam at 2-3 mm. pressure. 
Palmer showed it to be colorless when 
free from carotin. It gives a transient 
blue color with arsenic trichloride. If an 
animal is fed carotin crystals, they are 
changed to vitamin A and hence the two 


WEIGHTS 
Rat No. Condition 11-15 11-22 Gain 
2 Control 92g 106g 14g 
3 No B 9g We 5g 
4 No. A 8g 


(Continued on page 15) 
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SWEETS FROM ARTICHOKES 
D. T. Englis 
(Continued from page 1) 


corn sugar or dextrose, the inulin and its 
allied compounds are converted to a 
simple substance but in this case it is 
levulose or as it is commonly called fruit 
sugar. The properties of these two sug- 
ars dextrose and levulose are quite diff- 
erent. The latter is about three times as 
sweet as the former and much more solu- 
ble. Levulose is also sweeter and more 
soluble than cane sugar. These proper- 
ties along with many others have long in- 
duced interest in a commercial production 
of levulose and the interest has reached a 
high point in the last few years. It is 
natural that people should look to the 
girasole, one of the best of the levulose 
yielding plants, as a new source of sweets. 

McGlumphy and Eichinger* have 
classified the methods for obtaining the 
crystalline levulose into three principal 
types. In the first or Dubrunfaut pro- 
cedure an aqueous solution of the higher 
saccharide forms is hydrolyzed to pro- 
duce the simple sugars. Then the levu- 
lose is precipitated at a low temperature 
with lime and the precipitate filtered out, 
thus separating it fairly completely from 
other sugar and non-sugar substances. 
The calcium levulate is decomposed with 
carbon dioxide to liberate the sugar, the 
calcium carbonate filtered out, and finally 
the solution concentrated and the levu- 
lose crystallized. This method has reach- 
ed a semi-commercial scale in the labora- 
tories of the Bureau of Standards and of 
lowa State College. A second procedure 
which has been ascribed to Crookewit 
has an initial step based upon the fact 
that inulin is fairly soluble in hot water 
but nearly insoluble at temperatures near 
zero centegrade. By the simple process 
of extraction with hot water., followed 
by a chilling to a low temperature the 
inulin can be separated from many unde- 
sirable substances. Thus purified, it can 
be hydrolyzed and the levulose crystal- 
lized directly. This method has been 
employed commercially in Germany with 
chicory as the source of the inulin but is 
open to objection in that a considerable 
portion of the levulose yielding com- 
pounds are not precipitated by the chill- 


ing action. The third and last method 
depending upon the supplementary use 
of non-aqueous solvents such as glacial 
acetic acid or alcohol to aid in crystalli- 
zation is essentially a laboratory proce- 
dure. 


Experimental work at the University 
of Illinois upon Jerusalem artichokes 
falls in a slightly different category from 
any of those just mentioned. Intensive 
work in this connection began a part of 
a program for the development of new 
crops and extension of the utilization of 
old ones. The girasole was selected as 
one product for study and a_ special 
appropriation was made by the univer- 
sity for carrying on the work. The chem- 
ical investigation was placed in charge of 
Professor Roger Adams. It seemed in 
the beginning that major contribution to 
the problem of levulose manufacture 
would be made if a sirup of good quality 
could be produced without a crystalliza- 
tion of the sugar and efforts were direct- 
ed t ward this end. It is obvious that 
such a sirup must have reasonably high 
sugai purity, low ash content, satisfac- 
tory color and pleasing taste. Since the 
production of refined sugars has gener- 
ally come alout as a result of the 
preparation oi sirups of palatable quali- 
ty which have been steadily improved it 
was believe 1 that accomplishment of the 
objective would be a definite step toward 
direct crystallization. 

Many phases of the problem required 
study: The preservation of the crop: 
changes during storage or other treat- 
ment; the use of fresh or dry material for 
extraction; the process of extraction of 
the water soluble material; the hydro- 
lytic procedure; methods of defecation; 
decolorization and concentration. From 
these various studies a semi plant scale 
process for sirup manufacture has heen 
worked out and the details reported. ? 

The first step in the process consists 
in the extraction of the dried material in 
a diffusion battery until a concentration 
of 30-35% solids is attained. The extract 
is filtered with the aid of Super cel accidi- 
fied with HCL to a pH of 4.2 converted 
at a steam pressure of 25 lbs. per square 
inch for 20 minutes,’ evaporated under 
diminished presure to 50-60% solids in a 

(Continued on page 7) 
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glass lined evaporator, neutralized to 
pH of 5.4 with Na,CO,, decolorized with 
carborafiin and finally concentrated at 
low pressure to 80% solids. 


The product obtained has met with 
considerable favor as a table sirup. The 
taste of the darker samples resembles 
that of sorghum while those of best quali- 
ty are similar to pure invert sugar. 


Perhaps one of the most interesting 
phases of the work was the establishment 
of the proper conditions for hydrolysis. 
Since the natural extract contains a tre- 
mendous amount of buffering material, 
chiefly potassium salts of organic acids a 
large amount of mineral acid must be 
added to produce the hydrogen ion con- 
centration sufficient to hydrolyze the ma- 
terial in a reasonable period of time. 
When the salt formed by neutralization 
of the acid is soluble its presence is very 
detrimental to the final product. To in- 
crease the rate of reaction with a smaller 
amount of acid, hydrolysis under pres- 
sure was resorted to.’ Most of the re- 


ports in the literature seem to exaggerate 


the thermal decomposition of levulose. 
With the artichoke extracts of 35% solids 
a concentration of 0.075 normal in terms 
of HCL, is sufficient to accomplish con- 
version under the specified conditions 
and with very little destruction of sugar. ? 
Partial evaporation before neutralization 
removes some of the acid and the small 
amount which remains to form salt is 
not objectionable. 


Other added acids and neutralization 
procedures have. been found generally 
less satisfactory than the one just de- 
scribed. However Heubaum * has shown 
that electrolysis of the extract in a three 
compartment system in which the central 
or sirup compartment is separated from 
the electrode compartments by proper 
semi-permeable diaphrams, the smaller 
and more mobile cations readily migrate 
out leaving the large slow moving anions 
hehind and bring about an increase in 
acidity sufficient for hydrolysis without 
addition of acid. A comprehensive study 
of the effect of rate of flow, concentration 
of juice, current density and permeability 
of membranes upon the efficiency of the 
process has been furnished by Hardy.’ 
Even if the acidification is not carried to 


the pH desired for hydrolysis the buffer 
capacity of the solution may be so re- 
duced in a short time that very little addi- 
tional acid is needed to produce the de- 
sired value. Other advantageous fea- 
tures of the electrolytic treatment is a 
reduction of the natural salt content, a 
decrease in the amount of colloidal ma- 
terial and a partial substitution of sodium 
salts for the original and less desirable 
potassium salts when the final neutrali- 
zation is made. Sirups of excellent quali- 
ty have been made by this method but at 
somewhat greater cost than the hydro- 
chloric acid method just described. 


Impetus to the growing artichokes 
and discovery of new uses for them 
would result if the process were such that 
the sirup could be manufactured on a 
small scale on the farm or as a minor 
community enterprise just as sorghum 
sirup is often made. With the idea that 
an elimination of the pressure conversion 
would greatly simplify the process, ex- 
periments have been carried out upon the 
hydrolysis of the artichoke extract with 
an enzyme, inulase. The action is analo- 
gous to that of barley malt upon starch 
by which the starch is converted to sug- 
ars. Henry’ has separated the inulase 
from a common mold, aspergillus niger, 
and secured a 90% conversion of the 
artichoke polysaccharides to simple sug- 
ars. The resulting sirups show promise 
of success for this type of treatment. The 
process will be valuable as a means of 
overcoming the salt difficulties charac- 
teristic of previously mentioned proced- 
ures and may also find application ir the 
use of artichokes as a source of alcohol. 


One difficulty encountered with the 
levulose sirups is their tendency to dark- 
en during preparation or on storage. Even 
if relatively light in color when freshly 
made they gradually become much dark- 
er. It is not definitely known what the 
major causes of color development are. 
Part may be due to caramelization, part to 
the reaction of the sugar with some of the 
non-sugar substances present, part to oxi- 
dation and part to some pigment material 
extracted from the tubers. Harrison * 
has examined a number of samples of 
sirup with a color analyzer and compared 

(Continued on page 12) 
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UNIVERSITY OF ILLINOIS 


For many years the Division of 
Chemical Education of the American 
Chemical Society has been actively in- 
terested in the problem of the correlation 
of High School and College Chemistry. 
The publication of a list of topics which 
were thought to represent the Minimum 
Essentials for a preparatory course has 
done much to unify the training received 
by those students who offer Chemistry 
for college entrance. This list has been. 
carefully prepared, critically examined 
and thoroughly tested by a considerable 
number of experienced teachers repre- 
ting many types of schools and a wide 
geographical distribution. This list is 
now being carefully revised in the light 
of changing methods of laboratory in- 
struction, and its publication in revised 
form may be expected during the sum- 
mer of 1935. 

These attempts to produce more uni- 
form training on the part of students who 
are to enter college or to make use of 
chemistry in industrial occupations have 
done much to standardize the instruction 
of the beginner. College entrance diffi- 
culties have been reduced somewhat and 
the lack of continuity in chemical train- 
ing has been partially corrected. Com- 


plete correlation of effort between High 
School and College will, however, be 
impossible until there is full recognition 
of the widely varying abilities of indi- 
vidual students. 


Within the past two 


Helping the Student 


B. S. HOPKINS 


URBANA, ILLINOIs 


and one half years we have developed a 
plan at the University which is working 
successfully in helping the outstanding 
students find their proper setting for a 
continuance of their chemical training, 
We believe its usefulness can be widely § 
expanded through the cooperation of 
High School teachers. 


The plan consists in giving profici- 
ency examinations in the elementary col- 
lege courses to the students who have 
made superior records in their prepara- 
tory courses or have had more than the 
usual one year of chemical experience. 
The examinations are given without fee 
during the Freshman Week in September 
and during the week preceding registra- 
tion in February. They are given in two 
groups, both of which are optional. The 
first covers the work of the first semester 
as given in Chemistry 2. It includes the 
fundamental principles and non- 
metals. The second group covers the 
metals and corresponds to our second se- 
mester courses, Chemistry 4 (for Engin- 
eers), Chemistry 5 (qualitative analysis), 
and Chemistry 6 (for chemistry majors). 
Students who pass these examinations 
are given full University credit for the 
courses covered and are allowed to regis- 
ter immediately for any course in se- 
quence. This practice has the advantage 
of placing the student where he can make 
uninterrupted progress in his chemical 
(Continued on page 14) 


TABLE I** — Proficiency Examinations in Elementary Chemistry, University of Illinois 


Sept. 1932 Sept. 1933 Sept. 1934 Feb. 1933 Feb. 1934 Total 
Course 2 4.6 5 2 4.6 5 2 4,6 5 2 4,6 5 246 5] 246 5 
No. Writing | 36 5 1 2 7 #3 0 2h 3 > 95 39 5 
Passed 8 4 0 9 3 0 ina 
Fai‘ed 27 4 #O 20 3 O 15 0 2 64 17 3 
Oo, Passed 25 20 100!| 28 57 O (| 37 100 0 | 50 45 33 80 69 O 32. 56 40 

TABLE Il* 
Later Record of Those Who Passed the Proficiency Examination 
Last Not 
G:ede in Next Course Sept. Regist. Total 
E| Prof.** 

Passing Chem. 4, 5, 6 


*This student was rated B by his instructcr in mental calibre but D in-industry. 


**Proficiency 
*Compiled by John C. Bailar, Jr. 
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PROGRAM 


—OF THE— 
ILLINOIS ASSOCIATION OF CHEMISTRY TEACHERS 
J. Sterling Morton High School 
CICERO, ILLINOIS 
Saturday, March 16, 1935 


Morning Session, 10:00 O’clock 


Excursion to the research laboratories of the Universal Oil Products 
Company.* 


Noon, 12:00 O’clock 


Luncheon, Cafeteria of J. Sterling Morton High School. Reservations 
for luncheon should be made early by addressing G. T. Lucas, 5910 W. 26 St., 
Cicero, Illinois. Price, 50 cents. 


Afternoon Session, 1:15 O’clock 


Business session — Howard W. Adams, Illinois State Normal University, 
Normal, presiding. 


Greeting — L. M. Hrudka, Superintendent —- J. Sterling Morton Schools. 


2:00 — Modern Methods of Waste Treatment — Dr. A. M. Buswell, Chief, 
State Water Survey Division, Urbana. 


2:45 — Modern Lubricants — Dr. Gustav Egloff, Director of Research, 
Universal Oil Products Company, Chicago. 


3:00 — Present and Contemplated Facilities for Instruction in Chemistry at 
the Museum of Science and Industry, Chicago. Dr. Louis Ehrenfeld, 
Curator of Chemistry of the Museum. 


3:45 — Adjournment. 


* The research plant, located at Riverside, is a ten minute drive from J. Sterling 
Morton. Please indicate your intention of making the trip when luncheon reservation 
is made as the laboratory staff is anxious to know the approximate number in order that 
the best accommodations may be offered. 


YOUR MEMBERSHIP CARD © 


Have you received your membership card for this year? If not, the easiest way to 
get it is to send $1.00 for membership for two years to Mr. H. L. Sichenmyer, Secretary- 
treasurer of the Association. The record is more easily kept when paid for this period 
rather than by the year. 


REMEMBER 


Your membership fee is performing a real service. It makes possible an active 
State organization that works for you. It partly finances the meetings of the Associa- 
tion. It partly supports The Illinois Chemistry Teacher. It has helped in the past to 
provide prizes for the work of the Junior Academy of Science of this State. All this 
every chemistry teacher will want to help do as a matter of professional pride even 
though he may not attend the meetings of the Association. 
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Comparative Tests in Chemistry 


SENIOR HIGH SCHOOL 


During the past several years state 
wide testing programs in high school 
subjects have been sponsored by the 
schools of higher learning in Ohio, Iowa 
and Indiana. In lowa, this testing pro- 
gram is known as the lowa State Aca- 
demic Contest and is held under the 
State University ; in Indiana, as the State 
Testing Service for Indiana high schools, 
sponsorship being divided between the 
two universities, Purdue and Indiana, 
and the two State Teachers Colleges, 
Indiana State Teachers College and Ball 
State Teachers College; and in Ohio the 
testing program is designated as the 
C:hio Scholarship Tests under the aus- 
pices of the Ohio State Department of 
F.ducation. In lowa and Ohio the tests 
are known as Every-Pupil Tests and in 
indiana as State High School Tests. 

The purposes of each of these testing 
programs varies to some extent. The 
chjective common to all is the accurate 


An- 


1.easurement of pupil achievement. 
cther objective which may be considered 
as a by-product of the above is the use 
of such measurement in curriculum re- 
visions, improvement of instruction, edu- 
cational and vocational counciling and 
placement programs and in motivation 


of both pupils and teachers. Even the 
motivation of the school and of the com- 
munity is included in the Lowa list of ob- 
jectives. In this paper a brief description 
of the nature and function of tests used 
in such testing programs will be present- 
ed. For the sake of uniformity all of the 
bove mentioned tests will be designated 
as comparative tests. 

These comparative tests are all of the 
objective type. The selection and organi- 
zation of the material varies for each 
particular test. Each test is divided into 


several parts and each part is made up of- 


one of the common types of questions 
employed in objective tests, namely, 
false-true, matching, completion and 
multiple choice or best answer. Certain 
parts of the test aim to determine know- 
ledge of factual material, other parts are 
designed to test for knowledge of chemi- 
cal principles. One test contained fifteen 


CARL E. EKBLAD 


MOLINE, ILLINOIS 


problems of the type usually found in 
high school chemistry textbooks, another 
offered very little in the way of chemical 
arithmetic. Formula and equation writ- 
ing are given some consideration and a 
fairly large share of questions is de- 
voted to applications and uses of chemis- 
try. In brief, the tests cover about what 
the high school pupil can be expected to 
know after one year of chemistry. The 
reliability of the test is determined by the 
usual split test method. Norms for these 
are obtainable and these norms are es- 
tablished for each state. Because of their 
highly generalized nature, national norms 
for comparative tests are less reliable 
than state norms. For the most mean- 
ingful and valuable interpretation of test 
results, pupil and school performance for 
any one state should be compared with 
pupil and school performance within that 
state. 


Because of their objective nature com- 
parative tests lend themselves readily to 
statistical treatment, hence it is quite ob- 
vious that in the presentation of the re- 
sults obtained from the testing program 
certain statistical measures may be used. 
In reports sent to schools, the distribu- 
tion of scores is in terms of percentile 
values. From such percentile values the 
usual comparisons may be made. For 
example, in the report sent out by the 
Ohio State Department of Education for 
the December 1933 Every-Pupil Test in 
Chemistry, out of a possible score of 80, 
the 99th percentile was 78.3, which would 
mean that only one percent of the 1580 
pupils participating in the test made a 
score above 78.3. In this way a teacher 
may know with very little calculation 
just how any one or all of his pupils’ 
scores compared with those of the entire 
state. Those acquainted with statistics 
will also recognize several other measures 
readily obtained from such _ percentile 
values. To the research student the 
scores obtained from these comparative 
tests offer large possibilities. At the 
State University of lowa, much research 
work has been done on the material ob- 

(Continued on page 11) 
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A NEW CONDENSER 


1. Non-breakable metal inlet and outlet 
tubes set in molded rubber caps. 


lar tubing stock. 
3. Molded rubber caps reduce breakage. 


The condenser can be carelessly 
placed on a stone table-top and no 
glass part touches the table. 


with metal inlet and outlet tubes. 
Length, mim. ......... 20 300 
Each 75 


All parts are separately listed. 


1515 Sedgwick Street 


Patent Pending 
The New “STRAIGHT-JACKET” CONDENSER 
SPECIAL FEATURES 


2. Jackets replaceable from your regu- 


No. 4941—STRAIGHT-JACKET CONDENSER. Complete with moided rubber caps and 


Quantity Discounts — 10 or more 10 percent; 50 or more 20 percent; 100 or more 25 percent 


This new “STRAIGHT-JACKET” Condenser is available through all Laboratory Dealers. 
Established 1880 


W. M. WELCH SCIENTIFIC COMPANY 


4. The inlet and outlet tubes can be set 
at any conven’ent angles. 


5. Real economy—low initial cost. All 
parts replaceable and interchange- 
able. Low replacement cost of all 
glass parts. All glass annealed and 
polariscope tested for strains. 


400 500 600 750 900 


-96 1.00 1.25 1.80 2.75 


Write for complete circular. 


Chicago, Illinois, U. S. A. 


COMPARATIVE TESTS IN CHEM- 
ISTRY — C. E. Ekblad 
(Continued from page 10) 


tained from lowa Academic Contests and 
many interesting problems have been 
studied, such as the relationships of the 
teacher’s total experience, experience in 
the subject taught, undergraduate and 
graduate credit to success in teaching, 
where such success in teaching is based 
on pupil’s scores. And when from 2,000 
to 10,000 pupils are tested in these state 
wide testing programs the quantities of 
data made available are sufficiently large 
to secure statistical reliability in the 
study of certain educational problems. 
The division of the comparative test 
into distinct parts and the breaking up o 
these parts into definite items affords an 
item analysis of the results of the test. 
If the total number of papers is too large 
to be handled satisfactorily, a thousand 
test papers may be selected and an item 
analysis made without entailing much 
loss in the reliability of the analysis. In 
the item analysis of any one part of the 


test the total number of omissions, cor- 
rect responses, and incorrect responses to 
all the items of the part may be recorded. 
From this data the degree of difficulty of 
the statement or item may be obtained in 
the work of test construction. To the 
teacher the item analysis affords an in- 
sight into the effectiveness of the in- 
struction as well as the discovery of what 
items necessitate more drill and practice. 
In the teaching of high school chemistry, 
the selection of drill material from the 
large amount of factual material usually 
found in high school text books may thus 
be governed in part by the results of an 
item analysis. The item analysis will 
also show certain errors and weaknesses 
that the teacher may not be aware of and 
and also bring to light misconceptions 
that the pupils may have of various units 
of learning. Since in an item analysis 
all responses are recorded both right and 
wrong, hence, when items which are to- 
tally incongruous with the statement are 
provided in multiple choice questions, 
(Continued on page 14) 
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SWEETS FROM ARTICHOKES 
D. T. Englis 
(Continued from page 7) 
the results with those from materials 
suspected of being responsible for the 
color. No definite conclusions can be 
drawn as yet. 


The observation has also been made 
by Harrison that some of the samples of 
sirup on standing deposit jelly-like mass- 
es which seem to be pectinous in charac- 
ter. In view of the fact that pure levu- 
lose solutions must be concentrated to 
about 90% solids, before crystallization 
can be induced a very small amount of 
pectin or similar gum would have a pro- 
found effect upon the viscosity of the 
solution and crystallization tendencies. 
With the belief that this material is at 
least partly responsible for the inhibition 
of crystallization, methods for its altera- 
tion or removal are being studied. The 
jelly-like material has been subjected to 
many of the reactions characteristic of 
the pectins to which it bears resemblance.' 


By way of conclusion a few remarks 
might be added as to the probable uses of 
the materials and the desirability of their 
commercial production. Pure levulose 
would seem to satisfy most of the de- 
mands made of the sugars which are at 
present in quantity production and be of 
particular advantage in the beverage in- 
dustry where sweetness is the major re- 
quirement of the carbohydrate ingredient. 
It is also advantageous for the prepara- 
tion of pharmaceutical sirups and similar 
products where the amount of dissolved 
sugar must be high for preserving quality 
and still have no tendency to granulation. 
The high solubility and somewhat deli- 
quescent character of the sugar makes it 
a very valuable constiuent of fondants 
and soft candies in which it is usually the 
principal solute in the solution between 
the crystals of a less soluble sugar. 
Literature concerning its use for allevia- 
tion of a diabetic condition is controver- 
sial in character. Many claims of benefit 
lack critical confirmation. The sirup made 
at the University of Illinois has been 
successfully used in the preparation of 
ginger bread and several types of cookies. 
In most cases the baking temperatures 
should be somewhat lower than those of 


ordinary practice. Employed in conjunc- 
tion with sucrose the sirup yields a very 
satisfactory nougat as well as other types 
ot candy in which a slight color is not ob- 
jectionable. No tests of its value in the 
beverage industry have been made. It 
can be used of course for the production 
of industrial alcohol. 

The principal factors in favor of the 
selection of the artichoke as a source of 
levulose are the hardy characteristics of 
the plant and the high yields of sugar 
material per acre compared to other crops 
of the temperate zone. 


LITERATURE CITED 
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Sirups.” Facts About Sugar, 28, (7), 
July, 1933. 

(b) U. Heubaum. “Lavulose Sirup as 
Topinambur Uber einen neuen Weg zur 
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Tech. Bull., 33, (1927). 

Articles 7 and 8 lave excellent biblio- 
graphies appended and should be consult- 
ed by anyone desiring more complete in- 
formation. 
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5138 Schools 


Have Changed to 


Chemistry 
Workbook and 


Laboratory Guide 


Have you received a sample of this book? 
There is now a new edition. 


LYONS & CARNAHAN 


2500 Prairie Avenue Chicago, Illinois 
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HELPING THE STUDENT 
B. S. Hopkins 
(Continued from page 8) 

education. The reward of University 
credit is generally much appreciated. 

Table I shows the results of our pro- 
ficiency examinations during the five se- 
mesters in which they have been given. 
The relatively low per cent of those who 
have passed the examinations indicates 
that it is useless for any but the superior 
students to attempt to earn credit in this 
way. The fact that the per cent of suc- 
cesses has increased somewhat during the 
- three September trials is a matter of some 
satisfaction. We believe that if thor- 
oughly competent students are told about 
this possibility, and are given a little 
guidance in preparation, there should be 
an increase both in the number who make 
the attempt and in the proportion of those 
who are successful. 


These proficiency examinations have 
exercised a beneficial influence over our 
students. Those who pass are saved the 
time, trouble, and expense of repeating 
work already well mastered. They are 
put immediately into advanced classes 
whose work requires the mental effort ex- 
pected of developing minds. Progress is 
uninterrupted and the joy of success in 
a worth while venture stimulates to great- 
er undertakings. 


These examinations have produced a 
wholly unexpected result upon the minds 
of those students who fail to present an 
acceptable paper. Many of these students 
are among that group who have an ex- 
aggerated opinion of their understanding 
of chemistry. Some students have in the 
past refused to study our courses and 
have insisted on relying upon their pre- 
vious knowledge of the subject. They 
have always presented a serious peda- 
gogical problem because of their failure 
to recognize the necessity for study. Dis- 
aster at the end of the course either in the 
form of a low grade or of a failure has 
been a frequent result of this mental atti- 
tude. Now we find that a failure to pass 
the proficiency examination convinces 
such students that they still have some- 
thing to learn in chemistry. As a result 
they make much better records in our re- 
gular course. Of coure they loose noth- 


ing except the time and effort involved in 
taking the examination. 

Table II shows the later records of 
those students who have earned credit by 
passing proficiency examinations. It is 
gratifying to notice that of 14 students 
from the Chemistry 2 group, 12 have re- 
ceived a grade of A or B in their next 
course. Of the 10 who have passed our 
proficiency examination in the second se- 
mester courses, 7 have received a grade of 
A or B in their first sophomore chem- 
istry. None of the students in either 
group has failed in the next course. This 
seems to indicate that this practice is 
actually benefitting the superior student 
without weakening his foundational work 
in the fun lamental principles. 


Comparative Tests—C. E. Ekblad 


the number of pupils who have no know- 
ledge at all of the statement may be de-, 
termined. It can thus be seen that the 
item analysis may be made of great value 
in the improv ‘ement of instruction. 
Though an item analysis may be made 
on a small scale, the successful handling 
of large quantities of data such as the 
analysis of a thousand or more papers 
would necessitate the use of such record- 
ing machines as are employed in statis- 
tical work. 

These comparative tests in chemistry 
are by no means perfect. Close examni- 
nation and analysis will reveal many 
faults. No attempt is made to test for 
skill and ability in actual laboratory 
work. Certain other values concomitant 
to a high school course in chemistry 
must of course be omitted in the selec- 
tion of material for the test. In order to 
have validity the comparative test has 
confined itself to the testing of pupil 
achievement as regards the acquirement 
of knowledge of chemical facts and prin- 
ciples, since from the statistical view- 
point, such testing is at present the most 
reliable measure of succesful teaching. 

(Continued on next page) 


The Illinois Junior Academy of 
Science meets this year in Bloomington. 
The officers expect a bigger and more 
attractive meeting and are basing this 
opinion upon the increasing number of 
high school science clubs. 
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VITAMINS IN RELATION TO 
HEALTH—R. M. Parr 


(Continued from page 5) 
substances cannot be distinquished in tiu- 
trition experiments. A_ rat requires 
.00001 mg per day. 

Animals lacking vitamin A show a 
coarse and sparse coat and a decreased re- 
sistance to infections. The calcium con- 
tent of bones and teeth are below 
normal. Vitamin A loses activity by 
oxidation and on exposure for eight 
hours to ultra violet light. 

Cod liver oil contains two hundred 
and fifty times as much vitamin A as 
butter. 

References: 

Funk. “The Vitamins.” 
and Wilkins Co. Baltimore. 

McClendon. “A Manual of Bio- 
chemistry.” \Viley and Sons. New York. 

Routh. “Recent Advances in the 
Chemistry of Vitamins.” J. Chem. Edu. 
Vol. 10, p 13. (1933). 

Bogart. “Recent Contributions to 
Our Knowledge of the Chemistry of 


Williams 


Vitamin A.” J. Chem. Educ. Vol. 11, 
p 203, (1934). 
Chemical Society Annual Reports. 


Several references in Vol. 28, 29, and 30. 


Comparative Tests—C. E. Ekblad 

If these proficiency examinations are 
helpful to the superior student, then we 
hope their usefulness can be extended to 
a considerably larger number. Every 
teacher of chemistry who has prospective 
University students can help materially 
by calling attention to this plan. Empha- 
sis should be placed upon the fact that 
only those students who have made ex- 
cellent records can hope to succeed in 
winning credit by means of proficiency 
examinations. With such a reward in 
sight, there should be a definite stimulus 
to the good student to become superior. 
The number of students from any High 
School who are able to pass the profi- 
ciency examinations in Chemistry as well 
as in other subjects should be as much a 
matter of pride as would be felt in plac- 
ing a candidate on the all-state football 
or basketball team. 


Complete 


Equipment 


FOR THE 


Chemistry Laboratory 


1735-43 N. Ashland Avenue 


PROMPT DELIVERY AND QUALITY CHEMICALS AND 
CHEMICAL LABORATORY SUPPLIES 


John J. Miner, Representative in Illinois 


Chicago Apparatus Company 


CHICAGO 
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A New $2.00 Book for 75c 


Here’s a real bargain, one that will appeal to every teacher of chemistry 
or science— 


A year’s subscription (12 meaty issues) to 
JOURNAL OF CHEMICAL EDUCATION.... $3.00 
A copy of PRACTICAL EVERYDAY CHEMISTRY 75 


$3.75 


PRACTICAL EVERYDAY CHEMISTRY is a fascinating new book 
that sells regularly for $2.00, giving hundreds of priceless “how-to-make-it” 
formulas. For a limited time, we are privileged to offer you the opportunity 
of subscribing for the JOURNAL OF CHEMICAL EDUCATION and 
receiving this practical, 300-page, how-to-do-it book at an extra cost of only 
75 cents. At this astonishing price you can’t afford to be without it. 


The JOURNAL OF CHEMICAL EDUCATION is the official 
publication of the Division of Chemical Education of the American Chemical 
Society. Each monthly issue is packed full of interesting and helpful infor- 
mation for the teacher of chemistry and science. Henry S. Moseley, Prin- 
cipal and teacher of Chemistry in the Shelton High School, Shelton, Connec- 
ticut, says: 

“T find the JOURNAL OF CHEMICAL EDUCA- 
TION very valuable in my two sections of high-school 
chemistry. It brings us the very latest information in 
chemical research in industry and in the various fields ot 
science.” 

Avail yourself of this wonderful opportunity. Mail the coupon today 
and let the JOURNAL and PRACTICAL EVERYDAY CHEMISTRY 
help you achieve a successful goal in your professional career. An invest- 
ment of $3.75 can never bring you a bigger return. 


Journal of Chemical Education, 
20th & Northampton Sts., Easton, Pa. 


Please enter a year’s subscription to the JOURNAL OF CHEMICAL, 
EDUCATION, and send me a copy of PRACTICAL EVERYDAY CHEM- 
ISTRY — a $5.00 value for the remarkable price of $3.75. 

[] Check or money order enclosed. C1) Bill me in....... days. 
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